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ABSTRACT: 
 
This paper presents an adaptation of the Integral Masonry System (IMS) developed in Europe under 
the trade name of the “AllWall System”, for adobe without mortar or hollow clay masonry walls with 
mortar, in order to allow the construction of housing in developing urban areas that are subject to 
siesmic loads. 

 
IMS uses prefabricated galvanized electro-welded wire truss-reinforcement. This truss-

reinforcement may intersect in three orthonormal directions and allows the construction of reinforced 
walls and slabs using these lightweight and manageable components. These only require infilling with 
block masonry to provide sufficient rigidity to the structure to resist design loads. 

 
A one half scale model of a two-storey 3 x 3 x 3 m adobe based integral masonry system structure 

has been tested on a shaking table at the PUCP (Pontifica Universidad Católica del Perú) in Lima 
(2008). This work completed in collaboration with the UPM (Universidad Politécnica de Madrid) seeks 
to assure the viability of this new type of building construction for seismic loads. A similar test has also 
been completed with hollow brick in 2009, by the same Universities. Both building test where done in 
four different stages of horizontal desplacement (3, 5, 8 and 13cm)in only one direction finishing with 
the maximum capability of the sismic platform instrumental of the laboratory. 

 
These results have shown that the Earthquake - Integral Masonry System remains stable without 

significant cracking in adobe (2009) and without any cracks in hollow brick (2009) when subjected to 
seismic loads.  
 
Keywords:   Integral Masonry System, earthquake resistant construction, adobe and hollow brick masonry, 

prefabricated truss-reinforcement. 
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1 INTRODUCTION 
 

Six model houses were designed on the basis of the suggested dimensiones for rib reinforcement 
prefabricated by AllWall Systems. The standard length is 5,85m as displayed at SismoAdobe 2005 (Lima, 
Peru). The arrangement is easy to transport in a small truck (6m), with an approximate mass of 8kg each. 
 
The houses have 1 and 2 floors, taking maximum advantage of the framework length, around 6m, 
with 30 cm thick walls. The structural modulation can be of 30cm and the spatial modulation is usually 
considered to be of 90cm, yielding the following prototypes: 
 
 

 
 

 
 

Model House 1             Model House 4 
  
 Model House 2      Model House 3        Model House 6 

 
 

 
 
 

 
1 floor houses:  
Model 1 5,10 x 6,00m 30,6m2 built 24,3m2 usable 1 bedroom 
Model 2 6,00 x 6,00m 36,0m2 built 29,2m2 usable 1 bedroom 
Model 3 2 (5,10 x 6,00m) 61,2m2 built 51,3m2 usable 2 bedrooms 
 
2 floors houses: 
Model 4 2(5,10 x 6,00m) 61,2m2 built 51,3m2 usable 2 bedrooms 
Model 5 2(6,00 x 6,00m) 72,0m2 built 58,4m2 usable 3 bedrooms 
Model 6 2[2(5,10 x 6,00m)] 122,4m2 built 102,6m2 usable 4 bedrooms 
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 The model 5 typology (6x6x6m) tested with the Integral Masonry System with two different 
masonry materials, adobe and hollow brick, is presented as follos:. 
 

 
 

 

Figure 1.  The model 5: first with adobe and then with hollow brick. 
 

 

 
 

 

 
 
Figure 2. Integral Masonry System with its technology of prefabricated trusses intersecting in the 3 

orthonormal directions. It makes possible to erect walls and slabs that are filled with 
adobe, hollow brick or any other masonry material, with galvanized wire. 
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2 OBJECTIVES 
 
 The objective of this paper is to compare the acceptable performance obtained in the two 
earthquake resistant tests carried out in Lima (Peru) with the Integral Masonry System, on the 
prototype 5 with adobe (2008) and hollow brick (2009), with the same procedure applied to a similar 
type of 72 m2, 2-story house (6x6x6m in its real size) and tested at 0.5 scale (3x3x3m) up to the 
maximum that the PUCP laboratory equipment can achieve. 
 
The same framework prefabricated by AllWall Systems in the form of a truss, called “Rib”, has been 
used in both tests. This has been possible by reusing it after the first test with adobe (with no 
mortar), using them again (after taking off the adobe) in a second test carried out with hollow brick 
and cement mortar. 
 
Both prototypes tested are presented in parallel to compare their differences. 
 
3 MASONRY MATERIALS  

 
3.1. Adobe 
 

 
 

 
 

Figure 3.  Preparation of the adobe wall and its de 24x12x6cm pieces. 
 
3.2. Hollow Brick 

 

 
 

 
 

Figure 4. Preparation of the hollow brick wall with 24x11,5x9,5cm horizontal perforations. 
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4 IMS: INTEGRAL MASONRY SYSTEM: CONSTRUCTION 
 
Galvanized AllWall Ribs have been used for the test, 150mm wide, with double longitudinal wires 

made of 5mm diameter B-500 steel, welded to each other every 150mm, with a zigzag wire, also 
5mm. These sections for the test correspond with the scale of the real size house. 
 
For the construction of each prototype to test, the whole structural mesh is set, with the 4 boundary 
walls and the 3 intermediate slabs (lower, central, higher) interwoven to each other with the walls. 
Then the interspaces of the 45x45cm rib grid (90x90cm in its real size) are filled with the masonry 
pieces not scaled:  
• With adobe 5 rows laid with only mud fit into each grid. 
• With hollow brick 4 rows laid with cement mortar fit into each grid. 
 
For each test only 2 of the walls have been rough-casted to observe the performance difference. 
 
4.1. Integral Masonry System with Adobe: sample construction 

 

  
 

Figure 5. For the construction of the adobe wall, the pieces are placed inside the truss grid that was 
previously erected, leaving holding bands for the rough-cast overhang. 

 
4.2. Integral Masonry System with hollow brick: sample construction 
 

  
 
Figure 6. For the construction of the hollow brick wall, the pieces are placed inside the truss grid 

previously erected, with the possibility of being rough-casted later on. 
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5 INTEGRAL MASONRY SYSTEM: CONSTRUCTION OF THE PROTOTYPE 
 

  
 

 
 

Figure 7. Metallic ring of the square floor of the test house and rib welding. 
 

With the aim of making it possible to build outside the testing warehouse with the different masonry 
materials, a metallic ring which acts as the test house foundation has been built (making it possible to 
lift and move it). The system can be fixed then to the shaking plate to provide for the vibration stress 
transfer. To make sure that the house does not move from the test plate during testing, the wall Ribs 
and the lower slab have been welded to the metallic ring, which has been used, as well as its 
framework, for both house tests. 
 
5.1. Integral Masonry System with Adobe: prototype test  

   
 
Figure 8. Configuration of the building at 0,5 scale, with its ribs and adobes showing. 
 

 
  

Figure 9. Finished construction, using only mud and with two of the walls rough-cast, including the 
slab overload corresponding to a minimum construction load. 



Earthqueake - Integral Masonry System tested in Lima: Buildings performance with Adobe & Hollow Brick 
 

 
8th International Masonry Conference Dresden 2010  7 

The test of the adobe house (figure 9), proposes slabs made with the same Ribs but with a 
lesser overload than that of the corresponding hollow brick test, since the adobe building is 
considered cheaper (and hence weaker) than the hollow brick one. As it can be observed the 
overload applied on the hollow brick building is about three times higher than the one applied to the 
adobe building, since it’s considered a higher quality construction and hence, heavier. In both cases 
the overloads are firmly attached to the slabs so they move with them during the shaking table tests 
 
5.2. Integral Masonry System with hollow brick: prototype test 
 
 Whereas in the adobe prototype the rough-casted walls are barely distinguishable from those not 
rough-casted (since the adobe is the same colour as the mortar) in the case of the hollow brick 
prototype the walls that are not rough-casted are clearly distinguishable, since they stay red with the 
Ribs grid, opposite the rough-casted walls which have also been painted white to make easier the 
search for fissures or crackings produced by the test. 
 
Whereas the adobe prototype has been handmade with the 15cm width equal to that of the 150mm 
Rib, level with the framework and pieces, for the hollow brick test a market piece has been used, 
11,5cm wide, protuding 3,5cm to the interior of the walls, the Ribs 150mm wide, which could mean 
some alteration of the result of the test in this house prototype 
 
The mortar, rough-cast over the hollow brick, did not require holding bands in the brick. 
 

   
Figure 10. Configuration of the building at 0,5 scale, withits ribs costillas and hollow bricks showing. 
 

 
 

Figure 11. Finished construction, using cement mortar and with only two of the walls rough-casted 
and the slab overload corresponding to a medium construction. 
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6 PERFORMANCE OF THE INTEGRAL MASONRY SYSTEM TESTS 
 
 Both building prototypes with adobe and hollow brick with Integral Masonry System, using the 
same framework for both building, have been tested 4 times each (making 8 for the framework), in the 
4 successive steps of 2cm, 5cm, 8cm and 13cm of horizontal movement in only one direction, using 
the signal of the eathquake “mayo70co” from Perú, the standard for their laboratory testing. 
 
6.1. Performance of the adobe prototype 
 

 
 

 
 

 
 

Figure 12.  View of different crackings appeared and of the buckling of the door Rib. 
 

 
Figure 13.  Drawing of the fissures on the adobe walls after the four tests. 
 
It can be observed that there’s only been minimum detachment in the rough-cast walls and small 
separations of the Ribs from the adobe, releasing the inserted mud link. 



Earthqueake - Integral Masonry System tested in Lima: Buildings performance with Adobe & Hollow Brick 
 

 
8th International Masonry Conference Dresden 2010  9 

The joint performance of the walls with the bidirectional slabs, all of them made with Ribs every 45cm 
(90cm in reality) at 0,5 scale interwoven to each other, made it possible for the whole building to 
survive a “severe earthquake” with minimal cracking and with no adobe pieces having been detached 
from the wall (only part of the rough-cast thickness). The adobe pieces of the building that have 
moved the most are those of the corners in its lower part, with only a two cm movement. The adobe 
building only requires mud to be completely renovated. 
 
6.2. Performance of the hollow brick prototype. 
 

 
 

 

Figure 14. Since there’s been no appearance of cracking, an intensive search for fissures is carried 
out, both in the outside and the inside of the prototype, where the 150mm AllWall Ribs 
protrude 3,5cm from the thickness of the 11,5cm wide hollow brick wall. 

 

   
 

Figure 15. Three views of the building by its 4 walls, 2 rough-casted and 2 not rough-casted, where 
in spite of the 4 steps of the test carried out with framework previously used with the 
adobe prototype, no minimum fissure (nor crack) has appeared, anywhere. 

 
The fact that the Ribs in the hollow brick building were wider (3,5cm) than the wall thickness 
(11,5cm), pointed to thepossibility of buckling in said Ribs’ wires, whose welded triangulations are 
every 150mm high. 
 
The results of the test have proved that the previous fact has had no incidence at all for the 
“severe earthquake” the hollow brick building with the Integral Masonry System has been tested. 
 
It’s also been proven that the fact that the hollow brick walls are rough-casted with cement mortar has 
no influence whatsoever. No fissure has appeared in any case that shows the Ribs of the masonry 
with or without rendering with maximum capability of the Lima test laboratory (13cm desplacement). 
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7 CONCLUSIONS 
 
 As confirmed with the present paper, it’s obvious that the comparison of the 2 test carried out 
with the Integral Masonry System using successively adobe pressed downwith mud between the 
pieces and the framework, and hollow brick with cement mortar between the bricks and the 
framework, the result are quite satisfactory, out of certain considerations about the type or seismic 
test applied and its numerical and graphic results (not considered necessary to present in this 
paper). 
 
The videos made during the tests also show clearly the good performance of both prototypes of 
building 5 with adobe and hollow bricks, visible fissures appearing in the case of the adobe, and no 
fissure showing in the case of the hollow brick. The ductility in the movement of both buildings can be 
observed clearly, thanks to the characteristic intersecting system of the Integral Masonry System 
framework, which has even made possible to use the same framework for two tests (2008 and 2009), 
with no effect at all, and could be used for successive earthquakes or tests. 
 
Because of all this, the System is completely validated as far as the tests indicate, although with the 
goal of obeying the requirements of the Peruvian rules, funding has been seeked for a third and last 
test on a ¼ of the building at size 1:1 (with hollow brick) which should respond to the data required by 
the rules, which will be again totally favorable, taking into account the previous.  
 
This testing opens a way to the application of the Integral Masonry System as a solution to the 
problem of seismic construction with masonry, be it with brick, adobe or other materials, and 
particularly considering the last earthwuakes in Peru, Haiti and Chile. It’s clear that with the maximum 
capability of the laboratory testing machine (in acordance with the Perú sismic test), both buildings (in 
adobe and in holow brick) does not have problems of estability or significative cracks. 
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